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(57)Abstract: 

PURPOSE: To obtain a semiconductor acceleration 
sensor which can satisfy any of conditions of impact 
resistance and mass producibility by allowing the sensor 
to adapt sufficiently to the detection for large 
acceleration as given in the collision of vehicles. 
CONSTITUTION: Single crystal silicon 1 is worked to 
form a frame part 2 (fixed part) and a mass part 3, which 
are linked together with an integral combination body 
(elastic support body) of a beam part 4 and a diaphragm 
part 6. The beam part 4 is built by forming a part of the 
diaphragm part 6 thick. A distortion is detected with a 
piezo-electric resistance element 6 formed with the 
diffusion of the beam part 4 as associated with the 
displacement of the mass part 3. Or, the mass part 3 is 
made as mobile electrode and a fixed electrode is 
arranged as opposed thereto to capture a displacement 
of the mass part 3 responding to the acceleration from a 
change in the electrostatic capacitance between the 
electrodes. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the acceleration sensor of which the mass section which changes acceleration into 
inertial force is supported through the diaphram section by the frame part arranged to the 
perimeter, and said mass section, a frame part, and the diaphram section really fabricate with a 
single crystal semiconductor, and consist The semi-conductor acceleration sensor which 
constitutes the beam section which connects said frame part and mass section from carrying 
out heavy-gage shaping of said a part of diaphram section, makes this **** and said diaphram 
section the combination structure of one, and is characterized by forming a piezoresistive 
element in said **** or the diaphram section, and growing into it. 

[Claim 2] In the acceleration sensor of which the mass section which changes acceleration into 
inertial force is supported through the diaphram section by the frame part arranged to the 
perimeter, and said mass section, a frame part, and the diaphram section really fabricate with a 
single crystal semiconductor, and consist Constitute the beam section which connects said 
frame part and mass section from carrying out heavy-gage shaping of said a part of diaphram 
section, and this **** and said diaphram section are made into the combination structure of one. 
The semi-conductor acceleration sensor which uses said mass section as a movable electrode, 
and is characterized by carrying out opposite arrangement of the fixed electrode, and changing 
through this movable electrode and minute clearance. 

[Claim 3] Arrange in the center the fixed part fixed to the candidate for acceleration detection, 
and it arranges, supporting the mass section which changes acceleration into inertial force 
through the diaphram section around this fixed part. While really fabricating said fixed part, the 
diaphram section, and the mass section with a single crystal semiconductor The semi-conductor 
acceleration sensor which constitutes the beam section which connects said fixed part and mass 
section from carrying out heavy-gage shaping of said a part of diaphram section, makes this 
**** and said diaphram section the combination structure of one, and is characterized by 
forming a piezoresistive element in said **** or diaphram, and growing into it. 
[Claim 4] Arrange in the center the fixed part fixed to the candidate for acceleration detection, 
and it arranges, supporting the mass section which changes acceleration into inertial force 
through the diaphram section around this fixed part. While really fabricating said fixed part, the 
diaphram section, and the mass section with a single crystal semiconductor Constitute the beam 
section which connects said fixed part and mass section from carrying out heavy-gage shaping 
of said a part of diaphram section, and this **** and said diaphram section are made into the 
combination structure of one. And the semi-conductor acceleration sensor which uses said mass 
section as a movable electrode, and is characterized by carrying out opposite arrangement of 
the fixed electrode, and changing through this movable electrode and minute clearance. 
[Claim 5] It is the semi-conductor acceleration sensor characterized by being arranged centering 
on the center of gravity of the mass section, said **** supporting the neighborhood of said mass 
section in any 1 term of claim 1 thru/or claim 4. 

[Claim 6] Setting in any 1 term of claim 1 thru/or claim 4, said **** is [ two or more ] a semi- 
conductor acceleration sensor characterized by being arranged every to each side of said mass 
section. 
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[Claim 7] It is the semi-conductor acceleration sensor characterized by arranging two or more 
said **** in the opposite side of the lot of said mass section in any 1 term of claim 1 thru/or 
claim 4, respectively. 

[Claim 8] It is the semi-conductor acceleration sensor characterized by two of said **** being 
arranged in any 1 term of claim 1 thru/or claim 4 at one side of said mass section, and it being 
arranged every one side of the neighbors, and coming to present pi form arrangement. 
[Claim 9] The mass section which changes acceleration into some cars with a semi-conductor 
single crystal at inertial force, The acceleration sensor for car collision detection which really 
fabricates the elastic support object which combined the diaphram section and the beam section 
with one, and the fixed part which supports said mass section through this elastic support 
object, and changes is prepared. And the airbag system characterized by establishing a means to 
catch from the resistance of the piezoresistive element which prepared the variation rate of said 
mass section in said elastic support object, to detect the collision of a car, and to operate an air 
bag, and changing. 

[Claim 10] The mass section which changes acceleration into some cars with a semi-conductor 
single crystal at inertial force, The acceleration sensor for car collision detection which really 
fabricates the elastic support object which combined the diaphram section and the beam section 
with one, and the fixed part which supports said mass section through this elastic support 
object, and changes is prepared. And the airbag system characterized by establishing a means to 
permute the variation rate of said mass section by change of electrostatic capacity, to detect 
the collision of a car, and to operate an air bag, and changing. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the airbag system using the semi-conductor 
acceleration sensor and this which were formed with the semi-conductor single crystal. 
[0002] 

[Description of the Prior Art] The heavy-gage part (rigid body, mass section) which answers 
acceleration was prepared in the center, this central heavy-gage part was supported by the 
surrounding heavy-gage fixed part through the thin-walled part (diaphram section), a 
piezoresistive element is formed in said diaphram section by diffusion, or in addition to this, it 
replaced with at diaphram, the mass section was supported by the beam of elasticity, and the 
piezoresistive element is provided in this beam so that it may be indicated by the conventional 
semi-conductor acceleration sensor at JP,56-133877,A and JP,63-1 69078,A. These are 
detecting the variation rate of the mass section which answers acceleration through a strain 
gage (piezoresistive element) by twist of diaphram or a beam, and have caught acceleration. 
[0003] Moreover, replace with a strain gage, use said mass section as a movable electrode, this 
is made to carry out opposite arrangement of the fixed electrode through a minute clearance, 
and various things which permute change of an inter-electrode clearance by electrostatic 
capacity, take it out, and catch acceleration are also proposed. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, although development of the acceleration 
sensor for car-body control progressed and the reference of an about [ 1-2G ] acceleration 
sensor has come out of many above acceleration sensors in the present condition, when 
detecting a car collision, for example, the present condition is that any conditions of the 
detection which results in required acceleration **(plus, minus)50G, shock resistance, and mass- 
production nature are behind in the development of an acceleration sensor with which it is made 
fully satisfied. 

[0005] For example, since there was a process into which a single crystal semiconductor leaves 
anxiety to shock resistance for ******, and processes the opening of span direction further 
when it answered with acceleration far smaller than collision acceleration when the mass section 
is supported only with diaphram, and the mass section was supported by the beam, there was an 
inclination for a precise processing process to increase and for it to be inferior to mass- 
production nature. 

[0006] This invention is made in view of the above point, and the purpose can respond to the 
detection to big acceleration like a car collision enough, and is to offer the airbag system which 
is reliable using the acceleration sensor and this to which any conditions of shock resistance and 
mass-production nature are moreover satisfied. 
[0007] 

[Means for Solving the Problem] Fundamentally, this invention proposes the following technical- 
problem solution means, in order to attain the above-mentioned purpose. 
[0008] In the acceleration sensor which the mass section which changes acceleration into 
inertial force is supported through the diaphram section by the frame part (fixed part) arranged 
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to the perimeter, and said mass section, a frame part, and the diaphram section really fabricate 
one with a single crystal semiconductor, and changes Constitute the beam section which 
connects said frame part and mass section from carrying out heavy-gage shaping of said a part 
of diaphram section, and this **** and said diaphram section are made into the combination 
structure of one. In an electrostatic-capacity type case, in a strain gage type case, a 
piezoresistive element is formed at this **** or diaphram, and said mass section is used as a 
movable electrode, and through this movable electrode and minute clearance, opposite 
arrangement of the fixed electrode is carried out, and it changes (let this be the 1st technical- 
problem solution means). 

[0009] Another proposes what made the above and reverse physical relationship of the mass 
section and a fixed part. Namely, arrange in the center the fixed part fixed to the candidate for 
acceleration detection, and it arranges, supporting the mass section which changes acceleration 
into inertial force through the diaphram section around this fixed part. While really fabricating 
said fixed part, the diaphram section, and the mass section with a single crystal semiconductor 
The beam section which connects said fixed part and mass section is constituted from carrying 
out heavy-gage shaping of said a part of diaphram section, and this **** and said diaphram 
section are made into the combination structure of one (let this be the 2nd technical-problem 
solution means). 
[0010] 

[Function] When it is what combined the diaphram section and the beam section with one and 
the elastic support object which supports the mass section is constituted, it has the 
responsibility from which the mass section narrowed down the target to comparatively big 
acceleration (for example, extent which results in **50G). Moreover, shock resistance also 
improves sharply and an about [ **50G ] impact can also be borne. 

[001 1] Furthermore, manufacture of a semi-conductor part (gage section) is processible, using 
the process of the semiconductor pressure sensor of the diaphram mold currently mass- 
produced as it is. That is, if the mask design for acceleration sensors is made, since a time- 
consuming precision processing activity which can process completely identically to the existing 
process the process of the diffusion technique of diaphram processing or a piezoresistive 
element, and establishes an opening in span direction further will be done unnecessary, mass- 
production nature can be raised. 

[0012] In the above-mentioned configuration, although the mass section changes according to 
the acceleration at the time of a collision, the 1st and 2nd technical-problem solution means To 
the mass section carrying out response actuation within a frame part, in the case of the 2nd 
technical-problem solution means, a center serves as a fixed part and, in the case of the 1st 
technical-problem solution means, the mass section performs response actuation (**** 
actuation which will jeer the so-called center as the supporting point) on the outside. In the case 
of the latter, the degree of freedom of a design of the mass section is large, and there is an 
advantage which enables acceleration detection of three dimensions in it. Change of the mass 
section which answers acceleration is detected as a value change of electrostatic capacity by 
collaboration with the fixed electrode which counters it, when the value change or the mass 
section of the piezoresistive element arranged in a beam or the diaphram section is used as a 
movable electrode. 
[0013] 

[Example] A drawing explains the example of this invention. 

[0014] Drawing 1 shows the gage section of the acceleration sensor 100 concerning the 1st 
example of this invention. 

[0015] This example processes single crystal silicon 1, and really fabricates the beam section 4 
and the diaphram section 6 which connect a frame part 2, the mass section 3, and them. The 
beam section 4 comes to carry out heavy-gage shaping of a part of diaphram section 6. The 
mass section 3 presents a square and the beam section 4 is arranged in the four sides, 
respectively. In this example, the four beam sections 4 are arranged centering on the center of 
gravity of the mass section 3. The piezoresistive element 5 used as a bridge resistance circuit 
element is arranged in at least one of the beam sections 4. Since the beam section 4 is for 
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maintaining balance in case the mass section 3 moves according to acceleration with 
combination with the diaphram section 6 f and making it react to about [ **50G ] comparatively 
big acceleration, it is necessary to arrange a piezoresistive element 5 in no beam sections. The 
deformation amount of the beam section 4 which answers acceleration is detected by the 
piezoresistive element 5 by which the bridge configuration was carried out, and a detecting signal 
is taken out from a terminal 7. 

[0016] Drawing 2 shows the various modes of the structure which combined the diaphram 
section 6 and the beam section 4 with one as mentioned above. 

[0017] (b) of drawing 2 called the so-called H form, is the thing of the structure which arranged 
the two beam sections 4 respectively each side where the lot of the mass section 3 faces, and 
built a prototype as what can balance the fixed direction. It is the structure of operating with 
sufficient balance to the motion which acceleration joined. 

[0018] It is what meant securing sensibility with balance, and (b) of drawin g 2 is the arrangement 
structure called the so-called pi form, and the two beam sections 4 are arranged in one side, and 
it arranges the one beam section 4 in each of the neighbors. Although the two beam sections 4 
are arranged in the side of the opposite side by the side of a terminal 7, actuation of a single 
beam is secured and the mass section 3 is supported with the diaphram section 6, it considers 
as the structure which amended the actuation after acceleration is added as a whole, and 
maintained balance by arranging the beam section 4 of the side of the neighbors of the side to 
terminal 7 approach. 

[0019] (Ha) of drawing 2 starts the example of previous drawin g 1 , and has become the optimal 
balance for supporting the mass section 3 in the combination of the so-called beam section 4 of 
cruciform arrangement, and the diaphram section 6. 

[0020] (**) of drawing 2 is called the so-called cross H form which has arranged the two beam 
sections 4 each side of each of the mass section 3, and tends to acquire a better balance 
property to what it has arranged one [ at a time ] each side of (Ha). 

[0021] In each structure of (b) - (d), the number of the beam sections 4 and arrangement of a 
piezoresistive element 5 are not in agreement. It is because the locations which this tends to 
detect with arrangement of each **** differ, so each structure must consider arrangement of a 
piezoresistive element 5. 

[0022] Although drawing 3 shows the output characteristics of the piezoresistive element to 
each **** arrangement of drawing 2 and pi form of (**) of drawing 2 comes out of an output, a 
nonlinear error (Non-lineality) is large and the cross-joint form of (Ha) is the structure to which 
the nonlinear error was small suitable for mass production most. 

[0023] Drawing 4 - drawing 7 show the property Fig. of the acceleration detection shaft 
component-nonlinear error of **** arrangement of correspondence in (b) of drawin g 2 - (d), and 
it turns out that the difference has come out greatly with how, i.e., a clockwise rotation, to apply 
acceleration G to drawing 4 [ drawing 2 (b) at correspondence] and drawing 7 [ drawin g 2 (d) at 
correspondence] and drawin g 5 [ drawing 2 (b), as for correspondence] if counter clockwise. On 
the other hand, even when the thing of the structure which supports the mass section 3 
combining the diaphragm 6 is [ clockwise ] counter clockwise, data are carrying out **** 
coincidence of the beam section 4 of the cross-joint form shown in drawin g 6 [ drawin g 2 (Ha) at 
correspondence]. 

[0024] As mentioned above, when carrying out, it was judged that there were few nonlinear 
errors as an acceleration sensor, and the structure of (Ha) of drawing 2 who showed the value in 
which the dispersion carried out **** coincidence also to which acceleration of a clockwise 
rotation and a counterclockwise rotation was most suitable. However, it is not necessary to say 
the thing with pi form naturally shown in (b) of drawin g 2 where it is sufficient when a nonlinear 
error is disregarded and it thinks sensibility as important, and further, even if low, when the mass 
section supporting structure with reinforcement is required, it is good, when detecting the 
acceleration from an one direction, H form of drawin g 2 (b) is highly sensitive, and it should just 
choose the optimal thing according to various applications. [ of the cross H form structure of 
drawin g 2 (d) ] 

[0025] The structure of the cross-joint form of drawing 2 (Ha) the total-property excelled 
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[ drawing 2 ] in the structure which supports the mass section 3 combining the beam section 4 
and the diaphram section 6 most in the sensor which detects acceleration was good, and applied 
this sensor as an acceleration sensor (G sensor) in the airbag system of drawing 8 . 
[0026] In drawin g 8 100 DC power supply and 102 for G sensor and 101 A diagnostic circuit, 103 
is a judgment circuit where magnification and a temperature compensation circuit, and 104 are 
judged from an acceleration detector, and 105 judges whether it is a collision from an 
acceleration detection value, and installs the G sensor 100 in 2-3 places of an automobile. When 
the big acceleration of 50 - 100G grade is added by collision, the module 107 for air bags is 
operated through said circuit element 103,104,105, and crew is taken care of in the case of a 
collision. Diagnostic equipment 102 diagnoses [ whether this system is healthy and ] periodically. 
It not only operates the module 107 for air bags, but it is considering as the configuration which 
makes an alarm lamp 106 turn on in advance using the signal from the G sensor 100, and it 
replaces with this and you may make it emit a buzzer in this example. 

[0027] Drawing 9 is other examples of the acceleration sensor concerning this invention, in part, 
(b) of this drawing is a notching perspective view, and (b) is the a-a line sectional view. The 
same sign as an example as stated above shows the same or a common element. A different 
point from the example of drawing 1 makes a center fixed part 2', carries out fixed installation on 
a substrate 8, and is in the point which has arranged the mass section 3 of a frame form through 
the one combination object (elastic support object) of diaphram section 6 and the beam section 
4 on the outside (perimeter). The beam section 4 of having carried out heavy-gage shaping of a 
part of diaphram section 6, and having constituted it is the same as that of other examples as 
stated above. As shown in drawing 9 (b), it is in the condition in which the outside mass section 
3 floated through the minute gap G from the substrate 8, and the **** supported condition 
which the so-called mass section 3 is arranged on all sides focusing on fixed part 2', and will 
jeer, and the variation rates of each part of the mass section 3 differ to the acceleration 
component of each direction of three dimensions. This means that the deformation amounts of 
each **** 3 also differ. 

[0028] On the beam section 4, the piezoresistive element 5 is formed by diffusion, and the 
acceleration of three dimensions is detected by getting to know the deformation amount of each 
above **** 4. 

[0029] Also in this example, the same effectiveness as the 1st example is done so with being 
what combined the beam section 4 and the diaphram section 6 with one, and constituting the 
elastic support object which supports the mass section 3. And in this example, although the 
mass section 3 is arranged outside, if it does in this way, since increase and decrease of the 
mass section 3 of adjustment can be greatly carried out in the slight change in width of face W 
compared with the case where the mass section is prepared within the limit like the 1st example, 
optionality can be given to the design of the mass section 3, without receiving tooth-space- 
constraint so much. Moreover, there is an advantage which can detect the acceleration of three 
dimensions by one sensor. 

[0030] Drawing 10 is the notching perspective view and the top view where drawing 1 1 saw the 
fixed electrode side substrate from the movable electrode (mass section) side showing the gage 
section of the electrostatic-capacity type acceleration sensor in which other examples of this 
invention are shown in part. 

[0031] This example as well as the example of drawing 9 makes a center fixed part 2\ arranges 
the mass section 3 to the perimeter (outside), and connects these element 2' and 3 by the one 
combination structure (elastic support object) of the beam section 4 and the diaphram section 6. 
And by using this mass section 3 as a movable electrode, this and the fixed electrode 10 which 
counters are arranged in four places through the minute clearance G, and it changes. A fixed 
electrode 10 is formed on an insulating substrate 9. A fixed electrode 10 may be arranged so 
that it may arrange on mass section 3 one side or both sides may be countered. 
[0032] Although this example also does so the same effectiveness as the example of drawin g 9 , 
change of the electrostatic capacity between each fixed electrode 10 and movable electrode 3 
was caught, and distinction of the direction of three dimensions is distinguished. That is, since 
the variation rates of each part of the mass section 3 differ to the acceleration component of 
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each direction of three dimensions as mentioned already, the acceleration of three dimensions 
has been detected by catching the variation rate of each part from the value of the electrostatic 
capacity between each fixed electrode 10 and movable electrode 3 (mass section). 
[0033] in addition, the voice of the frame type of a single string [ section / 3 / in the example of 
drawin g 9 - drawing 1 1 / mass ] — the mode which cuts off the corner of a frame form and two 
or more mass sections 3 arrange around it focusing on fixed part 2' as and also it is shown in 
drawin g 12 is sufficient. 

[0034] Moreover, in the acceleration sensor which has the mass section like drawin g 1 , the 
diaphram section and the beam section, and a frame part, it is also possible to replace with a 
strain gage method, to use the mass section as a movable electrode, to counter this, to arrange 
a fixed electrode and to consider as an electrostatic-capacity type. 
[0035] 

[Effect of the Invention] As mentioned above, according to this invention, it can respond to the 
detection to big acceleration like a car collision enough with constituting the base material of the 
mass section which carries out response actuation to acceleration with the one combination of 
the diaphram section and the beam section, and the airbag system which is reliable using the 
acceleration sensor and this to which any conditions of shock resistance and mass-production 
nature are moreover satisfied can be offered. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The acceleration sensor concerning one example of this invention is a notching 
perspective view a part. 

[Drawing 2] The explanatory view showing the various support modes of the mass section used 
for the above-mentioned example. 

[Drawin g 3] The explanatory view showing the output characteristics (nonlinear error) of the 
acceleration sensor of the various modes in (**) of drawing 2 - (**). 

[Drawing 4] The output-characteristics Fig. of correspondence in the acceleration sensor which 
is (b) of drawing 2 . 

[ Drawing 5] The output-characteristics Fig. of correspondence in the acceleration sensor of (b) 
of drawing 2 . 

[Drawing 6] The output-characteristics Fig. of correspondence in the acceleration sensor of (Ha) 
of drawing 2 . 

[Drawing 7] The output-characteristics Fig. of correspondence in the acceleration sensor which 
is (d) of drawing 2 . 

[Drawing 8] The explanatory view showing an example of the airbag system of this invention. 
[Drawin g 9] The acceleration sensor concerning other examples of this invention is a notching 
perspective view and its a-a line sectional view a part. 

[ Drawing 10] The acceleration sensor concerning other examples of this invention is a notching 
perspective view a part. 

[Drawing 1 1] The top view which saw the substrate by the side of the fixed electrode in the 
acceleration sensor of drawing 10 from the movable electrode side. 

[ Drawing 12] The acceleration sensor concerning other examples of this invention is a notching 
perspective view a part. 
[Description of Notations] 

1 — single crystal silicon and 2 — a frame part (fixed part), a 2' — fixed part, and 3 — the mass 
section, 4 — beam section, 5 — piezoresistive element, and 6 — the diaphram section, 7 — 
terminal, 001 — DC power supply, and 100 — G sensor (semi-conductor acceleration sensor), 
101 — DC power supply, a 102 — diagnostic circuit, and 103 .... magnification and a temperature 
compensation circuit, and 104 .. an acceleration detector and 105 — a judgment circuit, a 106 — 
alarm lamp and the module for 107 — air bags 



[Translation done.] 
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